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 Thermal conductivities for different volume percentages of polyurea cross-linked 
silica aerogel to RTV 655 were experimentally determined.  Silica aerogel is an ideal 
insulator with a makeup of up to 99% air.  Polyurea cross-linked silica aerogel, PCSA, is 
a much stronger material while retaining the high thermal insulation properties of this 
group of materials.  RTV 655 can be shaped into any geometry and is stable under 
extreme temperature conditions.  RTV 655 is a space qualified polymer and the 
compound material made up of aerogel-RTV 655 is being considered here for use as a 
cryogenic propellant tank material for long duration space missions.  Current cryogenic 
tanks rely on technology from the 1960’s and are constructed using metals.  These tanks 
experience self-pressurization due to incident solar radiation and extreme temperature 
changes.  The heat transfer to the tank results in propellant vaporization.  The compound 
PCSA with RTV 655 is a new alternative for cryogenic tank constructions and may 
provide a means of significantly reducing the heat transfer to the propellant. In this study, 
particle geometry, volume percentage and temperature were varied to determine the 
effect on thermal conductivity of the aerogel-RTV 655 compound material. Several 
samples were made to test thermal properties of different volume percentages in an effort 
to assess the thermal conductivity of the combination of polyurea cross-linked silica 
aerogel and RTV 655.  Thermal conductivity results are presented comparing small 
aerogel discs embedded in RTV 655, a homogeneous compound consisting of micro 
scale aerogel particles embedded in RTV 655, large irregular geometry aerogels in RTV 
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k thermal conductivity, W/(m"K) 
!  thermal diffusivity, m2/sec 
t  time, sec 
TCR  thermal coefficient of resistivity of TPS sensor 
R0 reference senor resistance of TPS sensor, " 
R(t) resistance of TPS sensor as a function of time, " 
r radius of TPS sensor, mm 
P0 power, W 
q heat flux, (heat flow rate, Q, through area A), W/m2 
Q heat flow rate in the metered area, W 
A metering area, m2 
x separation between the hot and cold plate assemblies during testing, m 
# density of the material tested, kg/m3 
S calibration factor of the heat flux transducer, (W/ m2)/µV 
Th temperature of the hot plate surface, K 
Tc temperature of the cold plate surface, K 
Tm mean temperature (Th + Tc)/2, K 
#T temperature difference across the specimen, K 
VP volume percentage of polyurea cross-linked silica aerogel-RTV 655 
Va volume of aerogel in the sample, mm3 
Vr volume of RTV 655 in the sample, mm3 






 As space exploration extends to new frontiers, new technologies will need to be 
developed for managing cryogenic propellants in low gravity environments.  
Applications that will require these new technologies include orbiting and extraterrestrial 
fuel depots[1].  Cryogenic liquids are important for propulsion, thermal control and life 
support systems.  Liquid hydrogen is a very popular cryogenic liquid for chemical 
propulsion because it has a high specific impulse (i.e. it produces a higher change in 
momentum per unit mass of liquid).  Hydrogen also has a low thermal conductivity and 
low boiling point, which make it possible for sub cooled liquid and superheated vapor to 
exist in the same tank[2].  Apart from active systems, such as cryocoolers and jets, 
numerous passive insulation methods have been proposed for controlling the tank 
pressure for long duration space missions.  The majority of proposed technologies are 
focused on insulating techniques for metal-based and/ or ceramic composite cryogenic 
tanks.  Current cryogenic propellant tanks are based on technology from the Apollo era[3].  
These tanks are susceptible to self-pressurization due to the constant exposure to incident 
solar radiation.  Heat transfer to the liquid causes the liquid to vaporize which increases 
the internal pressure over time.  Exposure of these materials to repeated thermal cycling 
and cryogenic temperatures results in brittleness and micro cracking[4].  Current 
cryogenic tanks rely on the use of 1960’s technology, metals with an annular filled with 
perlite for insulation.  Recent studies by Fesmire et. al. have investigated replacing the 
perlite insulation with glass bubbles or aerogel[3].  The glass bubble insulation has been 
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shown to reduce boil off of the propellant by 44 percent compared to the perlite 
insulation[5].  Other current forms of insulation with metal tanks include Multilayer 
Insulation, MLI.  Conventional MLI consists of many layers polymer sheets which are 
separated by a low conductance netting[6].  This insulation type is effective in a high 
vacuum (<10-3 Pa) but does not insulate well before or during launch[6].  Long-term 
storage of cryogenic propellants in metal tanks is therefore unreliable.  A new cryogenic 
tank design has been proposed, combining space-qualified polymer RTV 655 with 
reinforced polyurea cross-linked silica aerogel, PCSA[4].  In this design, the aerogel is 
embedded inside of the elastomer sheets to provide a protective sleeve.  RTV 655 
provides elastomeric properties with the thermal insulated properties of the mechanically 
reinforced aerogel.  Recent studies have suggested the use of multiple layered elastic 
materials for use as pressure vessels[7].  For the proposed tank, the need for metal is 
therefore eliminated, as the structure of the cryogenic tank is also the insulator. 
 The full scope of this research is to develop a novel compound material for future 
cryogenic propellant tanks operating in a low gravity environment.  The compound 
material for the proposed tank design[4] will need to act as both a thermal insulator and 
the structure of the tank.  Finally, the compound material needs to serve as a lightweight 
alternative to metal or composite materials.  The purpose of this research effort is to 
experimentally measure the thermal conductivity of the novel compound material, 
polyurea cross-linked silia aerogel-RTV 655, by measuring the thermal conductivity.  For 
this characterization, thermal conductivity was tested with samples of varying geometries 
of PCSA, volume percentages of PCSA within the sample and over a wide range of 
temperatures.  The temperature range in low earth orbit is 116 – 394K[8], therefore this 
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research effort was conducted over a similar range of temperatures.  A numerical 
approach to this problem was not possible based on the high number of unknowns. 
1.2 Materials Background 
1.2.1 RTV 655 
 RTV 655 is a clear high strength two-component silicone rubber manufactured by 
Momentive Performance Materials Inc.  The polymer is made by the addition of a curing 
agent based on weight ratio, pouring the low viscosity liquid into a mold and exposing it 
to a vacuum to remove trapped air.  The material is then vulcanized at 363K for 
approximately 1 hour or until fully cured.  RTV 655 remains flexible and can be used 
within a temperature ranging from 160 to 475 K.  The manufacturer provided thermal 
conductivity of RTV 655 is 0.188 W/m-K[9].  RTV 655 is a space-qualified polymer 
elastomeric properties; however, it has a generally high density (1.2 – 1.45 g/cm3).    
Therefore, the substitution of a lower density equivalent material is desired to reduce 
weight for space missions[10]. 
1.2.2 Aerogel 
 Aerogel is considered to be the lightest known solid material and is an ideal thermal 
insulator as it is comprised primarily of air.  Aerogels have a unique structure made up of 
a highly connected open pore system with a very high surface area[10].  The most common 
form of aerogels are silica based, however new types of aerogels have been recently 
synthesized with carbon and polyamide[11].  Native silica aerogel has a thermal 
conductivity of about 0.03 W/m-K[12].  Air and silicon dioxide, the two main components 
of silica aerogel, have thermal conductivities of 0.025 W/m-K and 1.2 W/m-K[13]. 
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  Carbon aerogels are electrically conductive[14] so the use of this type of aerogel is not 
desirable for storage of a flammable liquid.  Flexible composite aerogels have also been 
synthesized for use with replacing Multilayer Insulation in superconductor cables[15].  
1.2.3 Polyurea Cross-linked Silica Aerogel (PCSA) 
 Previous designs for insulating cryogenic tanks featured non cross-linked silica 
aerogels imbedded in a “blanket” that was wrapped around a metal tank[16], however 
native aerogels have a very low tensile strength.  It has been shown that the mechanical 
properties of native silica aerogels are greatly improved by cross-linking silica aerogel 
chains with polyurea or vanadium[17].  For this study, polyurea cross-linked silica 
aerogels have been chosen due to cost, supply availability, and extensive knowledge base 
for synthesis procedures.  Combinations of polyurea cross-linked silica aerogel and RTV 
655 are considered because it has been shown that RTV has good thermal and electrical 
resistance, high temperature performance, easy fabrication, and chemical resistance[18].  
Previous studies by Vogl[19] validate the use of effective or bulk properties of a 
compound material consisting of particles within a matrix material in a steady state 
thermal environment.  Therefore, it is expected that the thermal properties of the 
proposed aerogel-RTV 655 compound, will be bounded by the thermal properties of the 
individual constituents in the compound and will vary according to the relative proportion 
of each constituent in compound. 
1.3 Thermal Characterization  
 Heat transfer through conduction was identified as the primary method for this 
problem.  It has been shown that as gravity of a cryogenic tank is greatly reduced, boiling 
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of the liquid is increased and the convective heat transfer to the liquid becomes 
significantly less[20].   Convection heat transfer was therefore ignored during this 
investigation.  Thermal conductivity is defined as a property that indicates how fast heat 
is conducted through a material[21].  Two methods of finding thermal conductivity were 
used for this study, steady-state heat source and transient plane source.  Both methods 
were used in correspondence with ASTM standards, C-518-10 for the steady-state 
measurements and C-177-10 for transient plane source measurements.  The steady state 
heat source method was used for  preliminary measurements while the transient plane 
source setup was a more accurate method for characterizing the thermal properties of the 
samples. 
1.4 Experimental Progression 
 Initial thermal conductivity tests for the aerogel-RTV compound were performed 
with a crude steady state heat source apparatus.  The equipment necessary to perform 
these preliminary measurements was purchased at a low cost with a quick setup time.  
Aerogel discs were chosen for these measurements based on leftover aerogel cylinders 
from a previous experiment.  These preliminary tests had problems with high errors from 
the crude setup and non uniform aerogel distribution within the sample.    
  A Therm Test TPS 1500 thermal conductivity measurement device was purchased 
to provide much more accurate results.  Also the aerogel geometry within the sample was 
chosen to be a fine powder in an attempt to provide a homogeneous mixture with the 
RTV 655.  The thermal conductivity measurement results from these powder samples 
were not what was expected, therefore more samples were made with larger aerogel 
pieces embedded in the RTV 655.  Crude preliminary samples provided much better 
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results although there were significant variations and density of the aerogel within the 
samples.  These samples were made either from pieces of large PCSA discs or blocks and 
are presented in Appendix A.  Finally, more samples with similar density aerogel blocks 




CHAPTER 2   
EXPERIMENT SETUP 
2.1 Steady State Heat Source Setup 
 The steady-state heat source measurement setup follows Fourier’s Law of 
Conduction which states that for a sample exposed to a hot source and cold sink with one 
dimensional heat flow, the temperature difference per unit length is proportional to the 
heat flow per unit area.  The proportionality value and thermal conductivity are found by 
experimentally measuring hot and cold surface temperatures and corresponding heat flux 
through a sample.  These are measured with a heat flow apparatus in accordance to 
ASTM standard C-518-10.  The sample and a heat flux transducer are placed between the 
two plates, one being exposed to the heat source and the other exposed to the ambient 
environment.  Edge insulation restricts the flow to one dimension by minimizing the 
lateral heat gains or losses[22].  The heat flow apparatus is calibrated with a sample 
composed of material with a known conductivity.  The calibration sample must be of 
similar size and orientation to the samples of unknown conductivity which will be tested. 
The calibration factor, S, is determined using the calibration sample for each temperature 
range that the samples with undetermined conductivity will be measured.  The samples 
are then measured over the range of temperatures and the calibration factors are used to 
determine the thermal conductivity of the unknown samples. 
2.1.1 SSHS Apparatus Design 
To measure the conductivities of the PCSA and RTV 655 compounds, a steady 
state heat source apparatus was designed to be used at both high and low temperatures.  
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The SSHS apparatus consisted of two isothermal plates that hold a heat flux transducer 
and the sample as shown in Figure 2.2.  The dimensions of the sample and plates were 
determined from the size of the available heat flux transducer, 1.375" x 1.125".  
Aluminum slabs where chosen as the top and bottom plates because aluminum has a 
relatively high thermal conductance and malleability.  Teflon was used to insulate the 
apparatus walls and to provide a reasonable approximation to an adiabatic wall which is 
necessary to produce a one dimensional heat flow.  The Teflon walls were chosen to be 
4" in height to allow for samples of varying thickness.  The bottom aluminum plate is 
extended 1" below the Teflon walls to prevent the Teflon from coming into direct contact 
with the heat source.  The top plate was open to the ambient room environment, the cold 
sink.  A heat flux transducer, placed between the sample and the bottom plate, provided a 
voltage output which could be used to compute a heat flux.  A thermocouple was used to 
measure the bottom temperature of the samples.  A second thermocouple is attached to 
the top plate, providing the temperature readings for the temperature at the top of the 
sample.  A diagram of the complete experiment setup is provided in Figure 2.1.  The heat 
flux transducer limits the SSHS measurements to the range of 73 – 423K.  The 
experiment setup does not include a cold source, therefore the measurement temperatures 















2.1.2 SSHS Theory 
For the steady state heat source method presented, the mathematical model which 
describes one dimensional steady state heat conduction is given by Fourier’s Law of Heat 
Conduction: 










The calibration factor, S, for an apparatus with a single heat flux transducer and provided 
in the ASTM standard C-518-10, is:   
! ! ! ! !!! ! ! !!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!"#$%&'(!! 
The measured calibration factor for the SSHS setup can then be applied to experimental 
data with Fourier’s Law, resulting in:  
! ! ! ! ! ! !!! !!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!"#$%&'(!! 
 
The aerogel-RTV volume percentage, VP, was determined using: 
!" ! !!!!
!!"" ! !!!!"#! ! !!!
!!""!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!"#$%&'(!! 
 
Where Va and Vrtv are measured values. 
A 95% confidence interval was used to determine the error in the recorded measurements.  
The standard deviation, $, was found with: 
! ! !! ! ! !! ! !
! ! !! ! ! !!! ! ! !! ! ! !!!!!!!!!!!!!!!!!!!!"#$%&'(!! 
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where n is the number of measurements and the mean is: 
! ! !! !! ! !!!! ! ! !! !!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!"#$%&'(!! 
The error in the measurements is therefore calculated with: 
!""#" ! !! !!!!" ! !! !!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!"#$%&'(!! 
2.1.3 SSHS Equipment Used 
For the SSHS measurements, aerogel cylinders used for a previous study were cut 
with a Buehler Isomet low speed saw into disks of desired sizes.  A Thermo-Scientific 
hot plate was used to provide heat to the apparatus in the vertical direction.  The plate did 
not provide a constant heat flux but instead oscillated to achieve a steady, specified 
temperature using an internal thermostat.  The heat flux transducer was an Omega HFS-3 
thin film heat flux sensor, positioned between the sample and the bottom aluminum plate. 
The HFS-3 is a self –generating transducer and type K thermocouple with an operating 
range of 73 to 423 K.  An Omega DP-41E process meter was used to measure the low 
voltage DC output of the heat flux sensor.  An Oakton Temp 300 thermocouple measured 
the temperature outputs of the top plate and heat flux sensor.  A Precision Scientific 
Model 19 vacuum oven was used for out gassing and curing the samples.  The samples 
were weighed with an Ohaus Pioneer PA64 scale and dimensions were taken with a Cole-
Palmer Traceable caliper. 
2.2 Transient Plane Source Setup 
 The transient plane source thermal conductivity measurement is conducted with a 
guarded-hot-plate apparatus and is usually used for samples that are considered “thermal 
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insulators”[23].  Two flat samples of identical area, density and thickness are placed on 
opposite sides of a probe.  The probe consists of a flat sensor with a double spiral of 
nickel protected by a thin Kapton film.  Current passed through the sensor causes an 
increase in temperature of the samples and the thermal conductivity is calculated based 
on the time vs. temperature response[24].   
2.2.1 TPS Apparatus Design 
To measure the conductivities of the polyurea cross-linked aerogel and RTV 655 
compounds, a Therm Test TPS1500 was used.  This instrument measures thermal 
conductivity of a sample based on the transient plane source technique previously 
described.  A sample holder was designed for use at both high and low temperatures.    
The inside of the sample holder is shown in Figure 2.3.  High temperature measurements 
are performed in an oven while low temperature measurements are performed in a liquid 
nitrogen filled cryostat.  The sample holder consists of top and bottom stainless steel 
plates that secure the samples, a sensor, and a stainless steel sheet metal casing around 
the sample.  The casing prevents direct contact with the sensor when the holder is 
immersed in liquids.  The outside casing was in contact with the bottom plate and 
allowed heat transfer by conduction to the samples.  Stainless steel was chosen as the 
material of the sample holder due to a high strength, malleability and rust resistance.  The 
sensor wires were attached to all thread, which was fed through virgin peek plastic inserts 
at the top of the sample holder as shown in Figure 2.4.  The plastic inserts sealed the 
container while providing electrical isolation over a wide temperature range.  The shape 
and dimensions of the outside casing were constrained by the neck diameter of the 
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cryostat and the internal volume of the oven.  The complete TPS sample holder assembly 
is shown below in Figure 2.5.   
 
Figure 2.3. Side view of the inside of the TPS sample holder 
 
 
Figure 2.4. Top view of the TPS sample holder with pass-throughs 
 
 








Figure 2.5. Completed transient plane source sample holder assembly 
 
2.2.2 TPS Theory 
For a hot disk sensor that is electrically heated, the resistance increases as a 
function of time and can be taken from the temperature coefficient equation: 
! ! ! !!! !! !"# !!! ! !!!"# ! !!!!!!!!!!!!!!!!!!!!!!!!!!"#$%&'(!! 






! ! !!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!"#$%&'(!! 
The total change in temperature recorded by the sensor produces a response curve as 





Figure 2.6.  Total and average temperature response curves of a TPS sample 
 
The time dependent temperature increase is dependent on sensor radius and output power, 
provided by the Therm Test reference manual is: 
!!!"# ! !
!!
!! ! ! !! ! !
! !! !!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!"#$%&'(!!" 
The hot disk sensor simultaneously reads values for %Tt(t) and R(t) over the time of 
the measurement.  Measurement time and output power are set by the user.  Thermal 
conductivity and thermal diffusivity were then solved for by an iterative process using 
Equation 8 and Equation 10. 
 Spectroscopy was used to measure the absorbance and transmittance of the 
polyurea cross-linked silica aerogel.  This technique measures the radiation intensity of 
light passing through the sample as a function of wavelength[27].  This technique does not 
tell the pore size or distribution of the aerogel, but instead shows reflections of any 








absorbance technique would give the size and distribution of the pores, however this is an 
expensive process and is not convenient. 
2.2.3 TPS Equipment Used 
 A Therm Test TPS1500 thermal constants analyzer was used to measure thermal 
conductivity of the samples with an HP 500B-MT computer running on Windows 7 Pro 
software.  O.H. Hendricks in Memphis, TN manufactured the custom TPS stainless steel 
sample holder.  For cryogenic temperature measurements a Tayler-Wharton VHC-35 
cryostat was used with liquid nitrogen purchased from Airgas.  Elevated temperature TPS 
measurements were performed with a Blue M Stabil-therm gravity oven/temperature 
controller.  All temperature measurements were verified with an Oakton Temp300 
thermocouple.  A Polaron E3100 critical point dryer was used to dry the aerogel samples 
with the internal chamber temperature being controlled by a Polyscience LS5X 
recirculating chiller.  The aerogel cylinders were ground with an IKA a.11 analytical mill 
and separated based on particle sizes with 300 micron and 90 micron Fisher Scientific 
sieves.  A Precision Scientific Model 19 vacuum oven was used for out gassing and 
curing the silicone samples.  The RTV 655, aerogel and Desmodur were weighed with an 
Ohaus Pioneer PA64 scale.  A Beckman Coulter DU-20 UV spectrometer was used for 
absorbance and transmittance scans of the aerogel.  Dimensions were taken with a Cole-






3.1 Aerogel Synthesis 
 Polyurea cross-linked silica aerogel cylinders were synthesized for the TPS 
measurements according to the method described by Leventis[15].  The synthesis process 
was initiated by combining 8.75 mL methanol, 3.85 mL tetramethyl orthosilicate 
(TMOS), 1.5 mL D.I. water and 0.25 mL 3-aminopropysilane into a 100 mL glass beaker.  
The solution was mixed with a glass stir rod for approximately 20 seconds and poured 
into 3 mL syringe molds.  Once the solution turned into a gel, methanol was poured into 
the remaining volume of the molds to prevent the exposed surface from drying.  The gels 
were removed from the molds after 3 hours and placed into a methanol bath.  During this 
stage of synthesis, the gel is completely translucent.  After 12 hours and each subsequent 
12 hours, the sample bath was replaced with acetonitrile.  After 3 days of flushing the 
solvent, the aerogel cylinders were cross-linked for 24 hours with a mixture of 94 mL 
acetonitrile and 33g Desmodur N3200 (Bayer).  The samples were again placed into an 
acetonitrile bath and baked at 343K for 72 hours.  Once removed from the oven, the 
samples were placed into an acetone bath, which was replaced every 24 hours for 3 days 
to remove all of the excess cross-linking solution from the aerogel pores.  This process 
yielded approximately 10 cylinders. 
 PCSA monolith blocks were also synthesized for the TPS measurements.  The 
initial synthesis process was identical to that of the cylinders; however, two rectangular 
aluminum molds were used in place of the syringe molds.  The gel blocks were removed 
from the molds after 6 hours and placed into a methanol bath.  After 24 hours and each 
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subsequent 24 hours, the sample bath was replaced with acetonitrile.  After 6 days of 
solvent flushes, the aerogel blocks were cross-linked with a mixture of 94 mL acetonitrile 
and 33g Desmodur N3200 (Bayer) for 48 hours.  The samples were then removed from 
the cross-linking solution, again placed into an acetonitrile bath and baked at 343K for 6 
days.  Once removed from the oven, the gel samples were placed into an acetone bath as 
shown in Figure 3.1, which was replaced every 48 hours for 6 days to remove all of the 
excess cross-linking solution from the aerogel pores.  After the cross-linking of the gel 
with polyurea, the silica gel samples are transparent with a blue hue. 
 
Figure 3.1. PCSA gel samples in solvent prior to being removed from the oven 
 The gel samples were dried in a critical point dryer to eliminate surface tension that 
would otherwise collapse the pores.  The samples were placed in acetone and loaded in 
the dryer.   The chamber of the dryer was flushed with liquid CO2 at 750 psi and 289K 
four times for each of three one-hour cycles.  The chamber was heated to approximately 
310K or until the CO2 reached a supercritical state.  The pressure and temperature at 
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which the CO2 reached a supercritical state were not constant, resulting in variations of 
density within the aerogel.  The resulting gaseous CO2 was slowly vented from the 
chamber for approximately one hour.  After the chamber returned to atmospheric 
pressure, the aerogels were removed and placed in a desiccator to minimize water vapor 
absorption in the pores.  Once dried, the PCSA samples are mostly opaque and white in 
color.  A spectrometer was used to measure the absorbance and transmittance of the 
aerogels.  These scans are presented in the Appendix.   
 A mean density of 0.538 g/cm3 was measured with a range of 0.526 – 0.572 g/cm3 
for the 30 cross-linked silica aerogel cylinders used for this study.  Monolith silica 
aerogel blocks were also synthesized using a double batch of chemicals with all process 
times also being doubled.   The mean density of the aerogel blocks was 0.634 g/cm3.  The 
two sample aerogels, Monolith 1 and Monolith 2, were synthesized as baseline samples 
for this experiment with mean densities of 0.665 g/cm3 and 0.530 g/cm3, respectively.    
3.2 Aerogel – RTV 655 Sample Preparation 
 For this thermal conductivity study, different types and geometries of aerogels 
were measured over a range of temperatures with two different methods.  Sample type, 
measurement type and measurement temperatures for all samples are listed in Table 3.1. 
Three different geometries of polyurea cross-linked silica aerogel were used with either 
the steady state heat source or transient plane source measurements.  PCSA disc samples 
were measured for thermal conductivity with the SSHS method while PCSA powder and 
PCSA block samples were measured with the TPS method.  The irregular geometry 
samples are included in Appendix A.  Again, SSHS measurements were taken of a 
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temperature range of 320 – 400K while the TPS measurements were taken at 75, 290 and 
343K.  The PCSA block samples were not measured at 343K due to the baseline aerogel 
block sample, monolith 1, experiencing a significant volume reduction when exposed to 
this temperature. 







Disc SSHS 320 - 400  
Powder TPS 75, 290, 343 
Irregular TPS 75, 290, 343 
Block TPS 75, 290 
3.2.1 PCSA Disc Sample Preparation 
PCSA disc samples with different volume percentages of aerogel-RTV 655 were 
made for the SSHS measurements.  As previously mentioned, left over PCSA cylinders 
from another project were used for the PCSA disc samples.  Data for the cylinders is 
provided below in Table 3.2. 
All of the cylinders had relatively high densities compared to the published values 
for polyurea cross-linked silica aerogel.  The average density of the four PCSA cylinders 
was 1.033 g/cm3.  The published range of density for this material provided by 
Leventis[26] is 0.5 – 0.6 g/cm3.  Although the discs used for these samples have a density 
that would be considered too high for use with the proposed space application.  However, 
it is hoped that these discs will still display a decrease in thermal conductivity when 
implanted in RTV.  The RTV 655 silicone was prepared according to the manufacturer 
guidelines, mixing a ratio 10:1 of the elastomer prepolymer (A) to the cross-linker (B).  
The components were thoroughly mixed with a metal spatula and poured into rectangular 
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aluminum molds.  The molds were placed in a vacuum oven and out gassed for 
approximately 1 hour to eliminate air pockets.  Polyurea cross-linked silica aerogel 
cylinders were cut into discs of varying thickness (1.2-3.9 mm) and were out gassed in 
the vacuum oven for approximately 1 hour.  The disc sizes were selected to achieve a 
range of volume percentages while attempting to maximize aerogel surface area inside 
the sample.  Current aerogel supply limited the experiment samples to include 7 discs of 
each thickness.  The aerogel discs were placed in the mold in a 2x3x2 array, as shown in 
Figure 3.2, and out gassed for approximately 1 hour.  The array was chosen to maximize 
the surface area of aerogel within the sample.  Also the SSHS apparatus measures 
temperature at one local point at the center of the sample.  Therefore, an aerogel disc 
should be at this point to achieve an accurate measurement.  The out gassing stage of the 
silicone, however, caused the aerogel disc array to randomly scatter throughout the 
sample.   
The molds were cured in the oven for 40 minutes at 363K.  Once the molds 
returned to room temperature, a second layer of RTV 655 was poured over the aerogel 
discs.  The molds were out gassed for approximately 3 hours and cured for 1.5 hours at  
363K.  Prior to outgassing, the aerogel discs were arranged into an array as shown in 
Figure 8a.  However, the discs were displaced during the out gassing process as shown in 













1 7/31/10 8/12/10 1.69 1.470 1.150 
2 7/31/10 8/12/10 1.43 1.323 1.081 
3 7/31/10 8/12/10 1.16 1.248 0.929 
4 7/31/10 8/12/10 1.21 1.243 0.973 
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(a)                 (b) 
Figure 3.2. PCSA disc array in the mold before (a) and after (b) outgassing 
Figure 8b.  The RTV began to vulcanize during the final out gassing process, which 
caused an uneven top surface and entrapped some air bubbles inside the disc samples as 
shown in Figure 3.3.  All of the aerogel discs within the samples are randomly scattered.  
The pictures for VP2.6 and VP6.6 disc samples were taken prior to the samples being 
measured and show some discoloration within the discs.  Before heating, all samples 
featured translucent white aerogel discs as in pictures of VP 4.4 and VP 9.1.  The volume 
of the RTV in the sample is the measured volume of the sample minus the combined 
volume of the cross-linked aerogel discs.  As shown in Equation 4, the volume 
percentage of the sample was determined by dividing the aerogel volume by the total 
volume and multiplying by 100.  Each sample was weighed and the total sample 
dimensions were measured so the polyurea cross-linked silica aerogel-RTV 655 volume 
percentages could be calculated.  Data for the PCSA disc samples is provided in Table 
3.3.  Volume percentage of the PCSA disc samples ranged from 2.6 to 9.1.  A higher 
volume percentage would be desirable however the current aerogel supply allowed for 
only five of each size disc.  Each sample was numbered according to the volume 




           




      
(d)                                             (e)   
Figure 3.3. Photographs of PCSA disc samples made for SSHS measurements 






























0 9.49 9.6 27.9 34.0 8968 0 0 
1.2 9.92 10.0 28.0 34.4 9487 242 2.6 
1.8 9.93 9.3 28.0 34.1 8745 367 4.4 
2.7 9.72 9.4 28.3 34.4 9015 555 6.6 





3.2.2 PCSA Powder Sample Preparation 
PCSA powder samples with three different volume percentages of polyurea cross-
linked silica aerogel to RTV 655 were made for the TPS measurements.  Sample data for 
the synthesized PCSA cylinders is provided in Table 3.2.  Initial grinding studies of the 
PCSA cylinders made use of a hand operated nail homogenizer.  The high compression 
strength of the aerogel chipped the teeth of the grinder and metal flakes contaminated the 
resulting powder, therefore an electrical mill was purchased.  Spare aerogel cylinders 
were used to study grind time vs. particle size in an effort to maximize the amount of 
aerogel powder within specific particle ranges.  The PCSA particles ranged from less 
than 20 microns to over 300 microns.  The majority of the particles ranged from 90 to 
300 microns with grinding for 150 seconds maximizing this number.   The 30 PCSA 
cylinders made for this study were ground into a powder for 150 seconds with the electric 
analytical mill.  The powder was sieved to isolate the particles within the range of 90 to 
300 microns.  The particle size distribution is shown with a Scanning Electron 
Microscope in Figure 3.4.  Most of the particles shown feature jagged edges and are close 
to 300 microns in size.  The aerogel cylinders are slightly transparent and white, as 
opposed to the opaque white powder after being pulverized.  The volume percentages of 
25, 50 and 75 were chosen for this study and measured out on a mass basis of the powder.  





Figure 3.4. SEM image of PCSA powder in the range of 90 to 300 microns 
 The RTV 655 was again prepared according to the manufacturer guidelines.  The 
two silicone components were thoroughly mixed with a glass spatula, placed in a vacuum 
oven and out gassed for approximately 10 minutes to eliminate air pockets.  The aerogel 
powder was placed in the bottom of rectangular aluminum molds.  The RTV 655 was 
poured into the molds to a specified height and mixed with the aerogel powder.  Any 
excess RTV 655 was poured into a separate mold for batch density calculations.  The 
molds were placed in a vacuum oven and outgassed for approximately 1 hour.  The molds 
were cured in the oven for 60 minutes at 263K.  Once the molds returned to room 
temperature, the samples were removed and placed in a desiccator.  The PCSA powder 
samples experienced a significant volume reduction during the outgassing stage.  The 
cause of the volume reduction on the effects on the experiment results will be addressed 
in Chapter 6, section 2. 
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1 10/31/11 11/12/11 1.247 2.252 0.554 
2 10/31/11 11/12/11 1.138 2.035 0.559 
3 10/31/11 11/12/11 1.135 2.026 0.560 
4 10/31/11 11/12/11 1.057 1.903 0.555 
5 10/31/11 11/12/11 1.085 1.950 0.556 
6 10/31/11 11/12/11 1.068 1.925 0.555 
7 10/31/11 11/12/11 1.017 1.811 0.562 
8 10/31/11 11/12/11 0.835 1.471 0.568 
9 10/31/11 11/12/11 0.637 1.177 0.541 
10 10/31/11 11/12/11 0.470 0.812 0.579 
11 11/7/11 11/18/11 1.105 2.101 0.526 
12 11/7/11 11/18/11 1.151 2.162 0.532 
13 11/7/11 11/18/11 1.121 2.122 0.528 
14 11/7/11 11/18/11 1.179 2.210 0.533 
15 11/7/11 11/18/11 1.019 1.920 0.531 
16 11/7/11 11/18/11 1.021 1.930 0.529 
17 11/7/11 11/18/11 0.693 1.277 0.543 
18 11/7/11 11/18/11 1.111 2.074 0.536 
19 11/7/11 11/18/11 1.058 1.998 0.530 
20 11/30/11 12/12/11 1.149 2.081 0.552 
21 11/30/11 12/12/11 1.118 2.068 0.541 
22 11/30/11 12/12/11 1.293 2.325 0.556 
23 11/30/11 12/12/11 1.171 2.156 0.543 
24 11/30/11 12/12/11 1.088 2.054 0.530 
25 11/30/11 12/12/11 1.119 2.109 0.531 
26 11/30/11 12/12/11 0.641 1.133 0.566 
27 11/30/11 12/12/11 0.559 1.034 0.541 
28 11/30/11 12/12/11 0.578 1.028 0.562 
29 11/30/11 12/12/11 0.582 1.085 0.536 






           
(a)                                             (b)                                        (c) 
Figure 3.5. Photographs of PCSA powder samples   
 VP28 (a), VP57 (b) and VP62 (c) 
 
Due to the aforementioned volume reduction of the powder samples, the volume 
percentages for the PCSA powder samples were calculated based on measured masses 
and densities.  These values are listed below in Table 3.5.  The mass of the RTV 655 in 
the sample was calculated by subtracting the mass of the polyurea cross-linked aerogel 
within the sample from the total mass of the sample.  The mass of the aerogel powder 
was measured prior to being mixed with the RTV 655.  Again, the density of the aerogel 
ranged from 0.526 – 0.579 g/cm3 with a mean density of 0.538 g/cm3, before the 
cylinders were pulverized.  The dimensions of the cylinders were measured with calipers 
and the mass was measured with a scale.  Volume was calculated based on the 
dimensions and the density was found by dividing the mass by the volume.  The volume 
of RTV and the volume of aerogel within each sample were calculated by dividing the 
density by the mass.  The volume percentage of the sample was subsequently determined 
























25 0.538 1.44 7.00 2.48 6.20 29 
25 0.538 1.44 7.31 2.47 6.52 28 
50 0.538 2.69 3.75 4.62 3.38 58 
50 0.538 2.68 3.87 4.59 3.48 57 
75 0.538 4.33 4.93 7.42 4.48 62 
75 0.538 4.31 4.74 7.39 4.31 63 
 
The total initial volume of VP25 and VP50 powder samples was approximately 
10 cm3 before being outgassed but reduced to approximately 9 cm3 and 8 cm3, 
respectively.  The actual VPs for the VP25 powder samples were calculated to be 28 and 
29.  The VPs for the VP50 powder samples were calculated to be 58 and 57.  The VP75 
powder samples required additional RTV 655 to achieve a proper mixture.  The VPs for 
these samples were calculated to be 62 and 63.  All aerogel-RTV 655 samples will 
subsequently be referred to by measured aerogel volume percentage and geometry. 
3.2.3 PCSA Block Sample Preparation 
 The PCSA implant samples showed significant promise therefore more samples 
were made with large blocks of aerogel.  These block geometry samples are shown in 
Figure 3.7.  There is a slight discoloration in all three samples, most likely due to solvent 
not being flushed completely from the pores.  This could be prevented from extending the 
synthesis process before cross-linking.  Target volume percentages for the block samples 
were chosen to be 20, 35 and 50.  These values were based on the size of available 
aerogels and the ideal total thickness of the sample, 1 centimeter, for the TPS 
measurements.  Mean aerogel density for the block samples was 0.634 g/cm3 with a range 
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of 0.590 – 0.652 g/cm3.  Aerogel data for the block samples is provided in Table 3.8.  The 
RTV 655 was prepared with the same procedure as the previous samples, however, it was 
poured and cured in 3 separate layers to ensure the aerogel block would remain in the 
center of the sample after outgassing.  Each RTV 655 layer in these samples was cured at 
room temperature for 24 hours.  The aerogel blocks were embedded within the second 
layer.   
 













1 1/19/12 2/8/12 4.97 7.68 0.647 
2 1/20/12 2/9/12 3.45 5.36 0.644 
3 1/20/12 2/9/12 3.08 5.22 0.590 
4 1/21/12 2/10/12 4.96 8.04 0.617 
5 1/21/12 2/11/12 3.90 5.98 0.652 
 
 
           
(a)                                             (b)                                        (c) 
   
Figure 3.6.  Photographs of PCSA block samples  




 The VP20 block samples had calculated volume percentages of 21 and 23.  An 
aerogel block was cut in half to make these samples therefore the density for both of 
these samples is identical at 0.652 g/cm3.  The VP35 block samples had calculated 
volume percentages of 35 and 36.  VP50 block samples had volume percentages of 52 
and 54.  The density of the aerogels within the VP35 and VP53 samples ranged from 
0.590 – 0.647 g/cm3.  All of the aerogel blocks remained in the center of the samples due 
to pouring and curing the RTV 655 in 3 separate steps.  No significant volume reduction 
was apparent for the block samples. 
 




















20 0.652 1.606 10.41 2.463 9.30 21 
20 0.652 1.855 10.25 2.845 9.15 23 
35 0.644 3.45 10.55 5.36 9.42 36 
35 0.590 3.08 10.73 5.22 9.58 35 
50 0.647 4.97 7.44 7.68 6.64 54 







4.1 Steady State Heat Source Procedure 
4.1.1 Calibration of SSHS Setup 
A sample of Sylgard 184, a polymer similar to RTV 655, was made to calibrate 
the steady state heat flow apparatus.  The Sylgard sample was made to manufacturer 
guidelines with the same molds as the aerogel-RTV samples.  The calibration sample was 
inserted between the two isothermal plates and the SSHS apparatus was placed on the 
heat source.  Heat was applied to the bottom isothermal plate to bring it to the specified 
test temperatures ranging from 320 – 400 K.  Heat flux, hot plate temperature and cold 
plate temperature were measured over a 15-minute time period for each temperature 
increment.  The heat source that was used did not provide a constant flux therefore the 
values at these temperatures were averaged.  After the last temperature increment the 
SSHS apparatus was removed from the heat source until both isothermal plates had 
returned to ambient room temperature.  The calibration factor, S, was computed using 
Equation 2 with the measured heat flux, temperature difference, sample thickness and 
known thermal conductivity of Sylgard 184 (k=0.16 W/m-K).  The thermal conductivity 
value of Sylgard is assumed to be constant over the experimental temperature range. 
4.1.2 Steady State Heat Source Procedure 
The RTV and aerogel-RTV samples were placed in the SSHS heat flow apparatus 
and measurements for heat flux, bottom plate temperature and hot plate temperature were 
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taken over the specified temperature range.  Each sample was tested three times to 
determine the repeatability and uncertainty for each sample used in the experiment.   
Due to the non-uniform distribution of aerogels that occurred during curing, the sample 
with a volume percentage of 2.6 was tested with varied orientations within the heat flow 
apparatus to determine any effects caused by the aerogel disc arrangement within the 
RTV 655.  The different test orientations of VP2.6 are shown in Figure 4.1.  A sample of 
aerogel powder was made to be used as a baseline against the RTV samples.  The 
measured values were applied to Equation 3 to determine the thermal conductivity, k, of 
the samples. 
 
          
(a)   (b)             (c)              (d) 
Figure 4.1. Different orientations for VP2.6 disc sample 
 
4.2 Transient Plane Source Procedure 
4.2.1 Validation of TPS Method 
A thin film nickel foil sensor was used for thermal conductivity measurements 
with the Therm Test TPS1500.  The sensor was calibrated for the TCR values at the 
measurement temperatures with stainless steel 304 and Owens-Corning Foamular XPS 
150 polystyrene foam.  The samples were inserted above and below the sensor in the TPS 
sample holder.  The sample holder was then placed in a hot or cold source and allowed to 
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reach steady state at the temperature of the source.  Measurements were conducted with 
the TPS1500 according to ideal settings for power and measurement time for the material 
tested.  Five measurements were performed at each temperature for the calibration 
samples with the sample being repositioned in the holder after each subsequent 
measurement to verify the repeatability of the setup.   
4.2.2 Transient Plane Source Procedure 
The RTV and aerogel samples were placed in the TPS sample holder above and 
below the sensor.  Room temperature measurements were conducted with the sample 
holder being exposed to the ambient air.  Elevated temperature measurements were 
conducted with the sample holder placed in an oven set to 343K.  Low temperature 
measurements were conducted with the sample holder suspended in LN2.  The ambient 
temperature of the room averaged 290K while the liquid nitrogen temperature was 
measured at 75K.  The temperature range in low earth orbit is 116 – 394K[8], therefore,  
the temperatures chosen for this experiment are representative of the cryogenic tank 
application temperature environment.  Each sample was measured five times at each 
temperature to assess error and uncertainty in the experiment.  Due to the non-uniform 
distribution of aerogel within the VP25 and VP32 implant samples, measurements were 
taken with these samples for specific orientations to the sensor to determine any effects 
caused by the non-homogeneous sample. 
The first baseline aerogel only block, Monolith 1, aerogel samples experienced 
significant discoloration and volume reduction after being heated to 343K as shown in 
Figure 4.2.  This volume reduction could be caused by the direct contact of the sample 




(Monolith 1)       (Monolith 2) 
Figure 4.2.  Size comparison of Monolith 1 after heat and Monolith 2  
 
racks above.  Room temperature thermal conductivity measurements for these samples 
were performed before and after the oven measurements to determine any effects caused 
by the volume reduction and discoloration.  The PCSA is normally semi-transparent and 
white in color as shown by Monolith 2 sample.  Monolith 1 still shows the semi-
transparent while in the center of the sample, however the edges around the sample 
turned yellow and translucent.  This suggests that a significant amount of pores in the 
sample have collapsed.  Regardless, the resulting higher density of Monolith 1 would 
cause an increase in thermal conductivity.  The effects on density and thermal 
conductivity for PCSA is discussed in Chapter 5, Section 2.2.  Liquid nitrogen 
measurements of the Monolith 1 samples were not performed before the oven 
measurements; therefore, a second monolith, Monolith 2, was synthesized for these 
measurements.  Thermal conductivity was also measured for Monolith 2 samples at room 
temperature and in liquid nitrogen, LN2.  After these measurements, Monolith 2 samples 
were implanted into RTV 655 to make the VP52 implant samples.  The large aerogel 
discs used for the implant samples were also measured at room temperature before being 
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broken and implanted in silicone.  Due to the volume reduction shown in the PCSA 
implant samples and Monolith 1, the PCSA block samples were not measured at the 






5.1 Steady State Heat Source Results 
5.1.1 SSHS Calibration Results 
As mentioned previously, the Sylgard 184 sample was used as a calibration factor 
for the SSHS apparatus.  The thermal conductivity for Sylgard 184 was assumed to be 
constant over the temperature range at 0.166 W/m-K, provided by the manufacturer.  The 
calibration factor, S is plotted along with average bottom plate temperature in Figure 5.1.  
These values were tested for accuracy by applying S to Equation 3 with the bottom 
isothermal plate temperature, yielding values ranging from 0.158 - 0.163 W/m-K.  Due to 
time constraints, the calibration factor test was performed once.  However, the 
conductivity values from the calibration factor were in good agreement to the 
manufacturer provided value. 
 






















Bottom Plate Temperature, K 
 
 50 
5.1.2 SSHS Results for Baseline Samples 
A baseline sample of RTV 655 was measured for thermal conductivity with the 
steady state heat source apparatus.  The manufacturer of RTV 655, Momentive 
Performance Materials Inc., provided a thermal conductivity of 0.188 W/m-K.  This 
value is assumed to be consistent over the temperature range of the experiment.  
Measured thermal conductivities for the RTV 655 sample are presented in Table 5.1.  All 
of the measured values of thermal conductivity below 373K were consistently around 
0.170 W/m-K, significantly lower than the published value of the RTV 655.  The error 
calculations for these measurements were done with a 95% confidence interval and 
averaged ±0.016 W/m-K.  Thus given the uncertainty in the measured values, the 
differences between the published and measured values are statistically insignificant.  
The aerogel powder sample has measured values of thermal conductivity between 0.040 
and 0.051 with the values increasing with increasing bottom plate temperature.  This 
sample was not measured multiple times due to time constraint and the expense of 
synthesizing additional aerogel powder. 
 
 







320 0.170 0.017 
340 0.169 0.016 
360 0.165 0.014 
380 0.169 0.016 




5.1.3 SSHS Results for PCSA Disc Samples 
Mean thermal conductivities and errors for the PCSA Disc samples are provided 
in Table 5.2 and Table 5.3.  The mean thermal conductivity for the samples with VP2.6 to 
VP9.1 ranged from 0.141 to 0.179 W/m-K.  Again, the error associated with experimental 
uncertainty shows that the measured values are not statistically different.  The VP6.6 
sample produced the smallest error with a thermal conductivity of 0.179 W/m-K.  The 
PCSA Disc sample with VP4.4 had the largest error (0.045 W/m-K) with a k of 0.165 
W/m-K.  The disc sample with VP9.1 measured the lowest thermal conductivity of 0.141 
W/m-K but a relatively high error at 0.030 W/m-K.  All of the measured thermal 
conductivity values and error bars are provided below in Figure 5.2 (320K), Figure 5.3 
(340K), Figure 5.4 (360K), Figure 5.5 (380K) and Figure 5.6 (400K).  All of the disc 
samples showed slight discoloration after repeatedly being heated to 400K but no volume 
reduction was apparent. 















VP2.6 0.159 0.012 0.149 0.004 0.150 0.005 
VP4.4 0.174 0.026 0.160 0.033 0.169 0.029 
VP6.6 0.173 0.009 0.173 0.005 0.173 0.001 
VP9.1 0.138 0.029 0.136 0.030 0.133 0.019 
 











VP2.6 0.164 0.011 0.166 0.015 
VP4.4 0.156 0.041 0.166 0.045 
VP6.6 0.179 0.002 0.199 0.003 




Figure 5.2.  SSHS thermal conductivity of disc samples at 320K 




















































Figure 5.4.  SSHS thermal conductivity of disc samples at 360K 
 




















































Figure 5.6.  SSHS thermal conductivity of disc samples at 400K 
 
The VP2.6 PCSA Disc sample was tested for different orientations within the heat 
flow apparatus.  For alignments A, B and D the thermal conductivity varied between 0.14 
and 0.16 W/m-K.  Alignment C had a substantially larger k, averaging 0.20 W/m-K.  
Alignment D was repeated two additional times and the thermal conductivities measured 
were 0.148 to 0.182 W/m-K.  The error for alignment D was calculated to be 0.015.  All 
errors again were calculated with a 95% confidence interval.  Thermal conductivity for 
the sample appeared to be constant as the bottom plate temperature increased.  This is in 
contrast to thermal conductivity measurements of thin film or  "blanket" aerogels, which 











































A 0.162 0.151 0.150 0.150 0.159 
B 0.156 0.166 0.149 0.151 0.164 
C 0.210 0.201 0.189 0.196 0.203 









































5.2 Transient Plane Source Results 
5.2.1 TPS Validation Results 
As mentioned previously, stainless steel 304 and Owens-Corning Foamular XPS 
150 pink foam samples were used as standards for validation of the Therm Test TPS1500 
measurement accuracy.  Both samples were provided by Therm Test.  The stainless steel 
reference values were calculated by the temperature dependent formula presented by 
Marquardt[28] to match the temperatures of the experiment.  The measured values of 
thermal conductivity for SS-304 compared to the reference values are shown below in 
Figure 5.8.  Room temperature thermal conductivity measurements of the stainless steel 
averaged 15.05 W/m-K while the reference value was 15.02 W/m-K.  LN2 and oven 
measurements were also consistently close to the reference values.  The thermal 
conductivity values of the pink foam were only published by the manufacturer at 297K.  
This value is not sufficient over the temperature range of this experiment, however the 
Therm Test manual included a reference study of the material.  The mean measurement 
values and reference values for thermal conductivity of the pink foam samples are 
presented in Figure 5.9.  The manufacturer listed thermal conductivity at 297K was 
0.02882 W/m-K while measured values at 290K had a mean of 0.0284 W/m-K.  While 
the experimental temperatures are not identical, the trend between the measurement and 
reference values of the pink foam are in agreement.   
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Figure 5.8. Thermal Conductivity of SS 304 at different temperatures 

























































5.2.2 TPS Results for Baseline Samples 
5.2.2.1 Baseline Samples at 75K 
Mean thermal conductivity for RTV 655 in LN2 was 0.0833 ± 0.0042 W/m-K.  
The Monolith 1 aerogel sample was not measured in LN2 prior to the volume reduction 
caused by heating.  Mean thermal conductivity for Monolith 1 in LN2 after the volume 
reduction was 0.0820 ± 0.0043 W/m-K.  The Monolith 2 aerogel sample had a much 
lower thermal conductivity at 75K, 0.0214 ± 0.0026 W/m-K.  The conductivity of 
Monolith 2 was expected to be lower than Monolith 1 due to a 50% lower density.   
5.2.2.2 Baseline Samples at 290K 
Thermal conductivity measurements performed at room temperature are provided 
below in Table 5.5 for the baseline PCSA and RTV 655 samples.  Temperatures for these 
measurements ranged from 287 to 294K with an average of 290K.  All errors were 
calculated with a 95% confidence interval.  The average measured thermal conductivities 
of the PCSA Monoliths 1 and 2 at room temperature were 0.1306 ±0.0034 and 0.0604 
±0.0015 W/m-K, respectively.  This difference demonstrates that even under well 
controlled conditions, the synthesis process can result in significant variations in bulk 
properties of the aerogels.  The density of Monolith 1 sample was almost 50% greater 
than the density of Monolith 2 sample and resulted in roughly a 200% rise in thermal 
conductivity.  Other aerogel monolith samples were tested for thermal conductivity at 
room temperature and the results are presented in Figure 5.10.  As expected, the higher 
density PCSA samples measured higher values of thermal conductivity.  The Monolith 1 
sample experienced significant volume reduction and discoloration after being heated to 
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343K for the elevated temperature measurements.  Therefore, the room temperature 
measurements for this sample were repeated.  The mean of the thermal conductivity 
measurements for the Monolith 1 sample prior to being heated was 0.1935 ±0.004 W/m-
K, which is higher than the thermal conductivity measurements for RTV 655.  This is a 
significant increase compared to the mean thermal conductivity before the sample was 
heated, 0.1306 W/m-K.   
Figure 5.10.  Thermal conductivity of PCSA with density variations 
5.2.2.3 Baseline Samples at 343K 
The RTV 655 sample at 343K had a mean thermal conductivity of 0.1890 ± 
0.0002 W/m-K.  As previously mentioned, the Monolith 1 sample experienced significant 
volume reduction and discoloration during these elevated temperature measurements.  
Thermal conductivity for this sample at 343K averaged 0.2147 ± 0.0038 W/m-K.  This 


























sample.  Monolith 2 was implanted in RTV 655 to make the VP52 block sample; 
therefore, it was not measured at 343K.   
Table 5.5. TPS thermal conductivity results of baseline samples 














0.0833 0.0042 0.1843 0.0007 0.1890 0.0002 
Monolith 1 
Pre Heat 
n/a n/a 0.1306 0.0034 0.2147 0.0038 
Monolith 1 
Post Heat 
0.0820 0.0043 0.1935 0.0040 n/a n/a 
Monolith 2 
 
0.0214 0.0026 0.0604 0.0015 n/a n/a 
 
5.2.3 TPS Results for PCSA Powder Samples  
5.2.3.1 Powder Samples at 75K 
At 75K the aerogel-RTV 655 powder samples had consistently higher thermal 
conductivity measurements than the low temperature measurements of the singular RTV 
655 sample.  Thermal conductivity of RTV 655 baseline sample was measured to be 
0.0833 ±0.0024 W/m-K.  Mean thermal conductivities for the VP28, VP57 and VP62 
powder samples are 0.0849 ± 0.0028, 0.0885 ± 0.006 and 0.0943 ± 0.0042 W/m-K, 
respectively.  Again a trend in the data suggests that using a higher volume percentage of 
PCSA powder in the sample results in higher values of conductivity.  Thermal 
conductivity of Monolith 2 baseline aerogel sample is included in Figure 5.11.  This 
sample is a solid aerogel block as opposed to the mechanically ground powder in the 
other samples.  Again, the PCSA-RTV samples were expected to have values of thermal 




Figure 5.11.  TPS thermal conductivity of powder samples at 75K 
 
5.2.3.2 Powder Samples at 290K 
All of the aerogel-RTV 655 Powder samples averaged greater values of thermal 
conductivity than the RTV 655 sample.  Mean values and errors are shown in Table 5.6.  
At room temperature, VP28 powder sample had a mean thermal conductivity of 0.2034 ± 
0.0009 W/m-K compared to mean values of 0.2285 ± 0.0016 and 0.2283 ± 0.0009 W/m-
K for the VP57 and VP62 Powder samples.  All of these values were higher than the 
baseline RTV 655 sample.  Again, the room temperature ranged from 287K to 294K, 
with an average of 290K.  The aerogel-RTV 655 powder samples were made from the 
same batch of aerogel cylinders, therefore, the aerogel density of these samples is 
constant.  These values are presented in Figure 5.11 along with room temperature results 































suggests a trend of increasing volume percentage of PCSA powder results in a higher 
value of thermal conductivity. 
 
Figure 5.12.  TPS thermal conductivity of powder samples at 290K 
 
5.2.3.3 Powder Samples at 343K 
Thermal conductivity was measured for each PCSA Powder sample at 343K and 
is presented in Figure 5.13 with measurements of the baseline samples, Monolith 1 and 
RTV 655.  Again, the monolith aerogel baseline sample was an aerogel block and not the 
PCSA powder used in the compound samples.  All measured k values at 343K were 
almost identical but slightly greater than the measurements at room temperature.  The 
VP28 powder sample had a measured thermal conductivity of 0.2027 ± 0.0062 W/m-K, 



































had a thermal conductivity of 0.2380 ± 0.0054 at the elevated temperature.  These values 
are again all higher than the RTV 655 baseline sample, which had a mean thermal 
conductivity at 343K of 0.1890 ± 0.0002 W/m-K.  Unlike the Monolith 1 baseline sample, 
there was no noticeable volume reduction in the PCSA Powder samples after being 
heated.  
 
Figure 5.13.  TPS thermal conductivity of powder samples at 343K 
 
 















VP28 0.0849 0.0028 0.2034 0.0009 0.2027 0.0062 
VP57 0.0885 0.0060 0.2285 0.0016 0.2237 0.0083 

































5.2.4 TPS Results for PCSA Block Samples 
5.2.4.1 Block Samples at 75K 
Thermal conductivities for the PCSA block were measured at 75 K and are shown 
in Table 5.8 and Figure 5.18.  The mean thermal conductivity for all of the block samples 
was again lower than the RTV 655 sample.  Again, the thermal conductivity for the RTV 
sample was 0.0833 ±0.0042 W/m-K.  Thermal conductivity for the Monolith 2 aerogel 
baseline sample was measured to be 0.0214 ±0.0026 W/m-K.  Based on the previously 
mentioned bulk properties validation by Vogl [10], the thermal conductivity of the PCSA-
RTV 655 compound samples should be bounded by these values.  The VP22 and VP35 
block samples had mean thermal conductivities of 0.0687 ± 0.0069 and 0.0625 ± 0.0053 
W/m-K, respectively.  The average thermal conductivity of VP53 block sample was 
0.0492 ± 0.0040 W/m-K.   This data suggests the expected trend of a greater volume 
percentage of PCSA results in a lower thermal conductivity, however more data is needed 




Figure 5.14.  TPS thermal conductivity of block samples at 75K 
 
5.2.4.2 Block Samples at 290K 
Again, the average measured thermal conductivities of the RTV 655 and aerogel 
Monolith 2 samples at 290 K were 0.1843 ± 0.0007 and 0.0604 ± 0.0015 W/m-K, 
respectively.  The mean values were approximately half of the room temperature values 
for all of the samples with similar data trends.  Room temperature thermal conductivity 
measurements of the PCSA-RTV 655 samples are presented below in Figure 5.17.  At 
290K the aerogel-RTV 655 block samples all averaged a lower thermal conductivity than 
the RTV 655 and the aerogel-RTV 655 powder samples.  The mean thermal conductivity 
for the VP22 block sample was 0.1481 ± 0.003 W/m-K.  Thermal conductivity for the 
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block sample had an average measured thermal conductivity which was lower than the 
other block samples at 0.1198 ± 0.0049 W/m-K.    
 
Figure 5.15.  TPS Thermal conductivity of block samples at 290K 
 











VP 22 0.0687 0.0069 0.1481 0.0030 
VP 35 0.0625 0.0053 0.1315 0.0082 
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CHAPTER 6  
SUMMARY AND CONCLUSION 
 Future long duration space missions will require new designs for cryogenic 
propellant storage tanks.  Current tank designs use metals or ceramics and are susceptible 
to self pressurization.  Numerous new designs have been proposed but most still typically 
rely on the use of metals or ceramics for the construction of the tank.  A new cryogenic 
tank design has been proposed using the space qualified polymer, RTV 655 embedded 
with polyurea cross-linked silica aerogels.  The aerogel-RTV 655 combination will serve 
as both the structure and the insulation of the tank, eliminating the need to use metals. 
6.1 SSHS Summary 
6.1.1 Disc Sample Summary 
 Thermal conductivity of aerogel-RTV samples was experimentally determined with 
a heat flux apparatus.  PCSA-RTV 655 disc samples were made with different volume 
percentage of aerogel-RTV and tested with a steady state heat source apparatus in 
accordance to ASTM standard C-518-10.  The small aerogel discs (~2mm thick and 5mm 
radius) did not provide a significant difference in thermal conductivity compared to the 
baseline RTV 655.  While it was expected that the thermal conductivity would decrease 
as more aerogel discs were added to the sample volume, this trend was not apparent in 
the experimental data.  It is suspected that the poor thermal performance with aerogel 
disc inserts could be due to a ) the irregular distribution of the discs, b) crude thermal 
measurement method and c) low (<10%) overall ratio of aerogel to RTV 655.  Polyurea 
cross-linked aerogel powder was measured to have a thermal conductivity of 0.045 W/m-
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K compared to 0.188 W/m-K of the RTV 655.  All of the PCSA-RTV 655 disc samples 
measured had thermal conductivities which were statistically the same as the RTV 
suggesting the aerogel inserts haven’t lowered the thermal conductivity significantly.   
6.1.2 Disc Sample Discussion 
 Several factors contributed the large uncertainties among the PCSA disc sample 
measurements.  The PCSA disc samples were made with high density aerogel and there 
were issues with the solidification of the RTV, therefore the results are somewhat 
expected.  More discs would have been ideal in each sample to maximize the surface area 
of the aerogels. This would also have increased the volume percentage of aerogel in the 
sample.  The maximum volume percentage of aerogel in these samples was only 9.1.  
Based on the sizes of the aerogels and the molds, 15 discs could have been used in each 
sample but the current supply of aerogel limited the number to 7.  Ideally, aerogel would 
have covered the entire metering area of the heat flux pad, however the available aerogel 
for the experiment was in cylinder form.  In addition, simply collecting more data for 
each sample would have decreased the experiment uncertainty.  For this study, only three 
tests were performed for each sample at each %T.  Another factor contributing to the 
uncertainty was the wide variation in the orientation of aerogel discs.  The top 
thermocouple in the heat flux apparatus was located at the center of the plate, therefore an 
even distribution of aerogel is necessary to achieve an accurate measurement.  While care 
was taken to initially place the aerogel discs in the RTV-655, the outgassing process 
caused significant shifting of the discs prior to curing.  Finally, a constant flux heat 
source was not used with the testing apparatus, preventing the sample from reaching a 
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true steady-state temperature. 
 Based on the disc sample results, it was decided that the next phase of testing would 
need to be based on samples with a more homogeneous distribution of the embedded 
aerogel in the RTV655.  The desired distribution of aerogel within the samples could best 
be accomplished using micro-scale aerogel flakes or particles instead of discs.  The 
particles could be more evenly distributed and should prevent any large gaps of RTV 655 
in the samples.  Also it was desirable to synthesize samples with higher volume 
percentages of aerogel-RTV to better ascertain whether a relationship could be discerned 
between volume percentage and thermal conductivity.  The uncertainty could also be 
reduced by collecting more data points for each test.  A more accurate measurement 
technique would provide more reliability and less uncertainty in the thermal conductivity 
measurements.  The compound material with embedded aerogel particles also needs to be 
tested for thermal conductivity over a much larger temperature range to be more 
consistent with the temperature extremes in space.  The polyurea cross-linked silica 
aerogel has lower thermal conductivity than the RTV, therefore, there should be a 
noticeable difference with a higher volume percentage of aerogel.   
6.2 TPS Summary 
Thermal conductivity of aerogel-RTV 655 samples was experimentally 
determined with a Therm Test TPS 1500.  Samples with different geometries were made 
with different volume percentages of aerogel-RTV and tested by the transient plane 
source technique at 75K, 290K and 343K to simulate the temperature range of space. 
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6.2.1 Powder Sample Summary 
 Numerous PCSA cylinders were synthesized, ground into a powder and embedded 
in RTV 655.  The powder geometry was chosen to have a homogeneous mixture of 
aerogel while also minimizing the gaps of RTV 655 within the sample.  Three samples 
were made of aerogel powder with volume percentages of 28, 57 and 62.  The thermal 
conductivities of the samples were measured with a Therm Test 1500 transient plane 
source method.  All of the aerogel powder samples had measured thermal conductivities 
which were surprisingly higher than the baseline RTV 655 thermal conductivity.  This is 
consistent at all three temperatures studied, 75K, 290K and 343K.  The experiment 
results for the samples with the embedded particles seem to contradict the results 
presented in the literature that the thermal conductivity of a compound at steady state is 
bounded by the thermal conductivities of the individual constituents in the compound.  
6.2.2 Powder Sample Discussion  
 After considering the entire experimental process carefully, several factors were 
identified which may have contributed to the high thermal conductivity of the PCSA 
powder samples.  First, significant volume reduction occurred during the sample making 
process.  Specifically, the volume reduction was most apparent during the mixing and 
outgassing stage of the aerogel-RTV powder compound.  It is obvious to conclude that 
the pores of the aerogel particles may have partially filled with the RTV 655.  However, 
the literature suggests that this is unlikely due to the high surface tension of the aerogel, 
hydrophobicity, and high viscosity in the aerogel-RTV mixture.  One possibility is that a 
more significant volume of air was outgassed during the outgassing phase of the 
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synthesis than was initially expected.  The higher conductivity measurements would 
further suggest that some of the pores were destroyed or partially filled with 
electrostatically charged aerogel dust during the grinding process.  The results suggest 
that the mechanical grinding methods used for this study diminish the quality of the 
resulting aerogel powder with regard to its thermal properties.  In principle, if the micro-
scale aerogel particles could be synthesized individually in molds, this approach should 
still be desirable in terms of optimizing the thermal and mechanical properties of the 
compound.  However, the reliable synthesis of aerogel on this scale would be difficult, 
time consuming, and likely cost-prohibitive. 
 Based on the powder sample results, it was decided that the next phase of testing 
would need to be based on samples with larger aerogel pieces embedded in the RTV.  
Large blocks were chosen as the next geometry of aerogel due to the rectangular 
aluminum molds used to make the aerogel-RTV samples.  The aerogel shrinks during the 
entire synthesis process, therefore the aluminum molds used to make the RTV could also 
be used for the aerogel molds.  These PCSA blocks could maximize the surface area and 
volume percentage of aerogel within the sample.  Block geometry aerogels could be 
measured with the TPS 1500 to provide an aerogel baseline sample.  Also the amount of 
aerogel within the samples would ideally be evenly distributed over the possible volume 
percentages.   
6.2.3 Block Sample Summary 
 PCSA block samples with similar densities were synthesized and measured for 
thermal conductivity with the transient plane source setup.  Volume percentage for these 
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samples ranged from 22 to 53.  These samples all have a lower thermal conductivity than 
the RTV 655 baseline sample.  The measured block sample conductivity decreased as the 
volume percentage increased.  Also the conductivity of the block samples was bound by 
the two baseline samples which is consistent with the analytic solutions presented in the 
literature.  The PCSA baseline sample showed significant discoloration and volume 
reduction during the elevated temperature measurement, therefore the block samples 
were not measured at 343K. 
6.2.4 Block Sample Discussion 
The samples of PCSA-RTV 655 implanted with large aerogel blocks show 
considerably more promise with respect to the thermal properties of the aerogel-RTV 
compound.  The observed decrease in conductivity is statistically significant based on 
repeated measurements at 75K and 290K, however only one sample was used for each 
volume percentage.  Overall, the densities of the aerogels synthesized for this study were 
at the higher end of the range of the aerogel densities reported by Leventis.  As a result, 
the conductivity of all the samples containing the aerogel used for this study will be 
higher than would be expected for samples with lower densities, approximately 0.5 g/cm3.  
It is expected that aerogels with lower densities can be achieved by extending the 
duration of solvent flushes and critical point drying time during the synthesis process.    
 Based on the PCSA block sample results, it has been shown that embedding 
aerogel in RTV 655 can result in a decrease of thermal conductivity.  PCSA, however 
may not be the most desirable aerogel for this application.  The PCSA block samples 
were not tested at the elevated temperature due to the volume reduction of the aerogel 
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baseline sample.  As expected from the higher density of the heated sample, the measured 
value of thermal conductivity at this temperature was higher than the RTV 655 baseline 
sample.   Also the thermal conductivities of other, more ideal types of aerogel are much 
lower than the PCSA used for this study.   
6.3 Conclusion 
 Regardless of aerogel density variations, the synthesized samples exhibited all the 
properties of PCSA reported by Leventis.  More importantly, it has been shown that 
PCSA embedded RTV 655 compound can lower the thermal conductivity as a function of 
volume percentage.  For all samples, the thermal conductivity decreases with a decrease 
in temperature.  The disc sample results were not ideal due to the high experiment error, 
low volume percentage and the discs scattering during the sample making process.  The 
inability of the disc samples to have a homogeneous mixture of aerogel makes other 
geometries of PCSA more desirable for this application.  The powder samples made a 
homogeneous mixture possible, however the thermal conductivity results were all higher 
than the baseline RTV 655 sample.  PCSA powder made by these methods is therefore 
not desirable for an aerogel-RTV 655 compound.  If PCSA powder could be synthesized 
in a form that was not detrimental to the material, this geometry may still be considered 
for use with RTV 655.  The thermal conductivity measurements for the PCSA-RTV 655 
block samples were not as low as expected, but would still be thermally superior to any 
metal based cryogenic propellant tank.    
 The experiments presented herein, using the polyurea cross-linked silica aerogel 
embedded RTV-655 compound, demonstrate the feasibility that an aerogel/RTV-655 
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compound can be synthesized to yield a novel, low conductivity material.  Given the 
wide variety of aerogel chemistries currently available, it is unlikely that PCSA will be 
the final candidate aerogel used in the design of future space-based cryogenic tanks.  
Current studies being performed by various investigators indicate that several other types 
of aerogels may be more practical for use in this type of construction.  
6.4 Future Work 
 More work will be necessary to investigate the use of aerogel-RTV 655 for 
cryogenic tank applications.  The focus for this study was limited to the thermal 
characterization of the compound material.  It has been shown that implanting PCSA in 
RTV 655 will decrease the thermal conductivity, however there are many other types of 
aerogels which have a lower thermal conductivity than PCSA.  Future studies with an 
aerogel-RTV compound will pursue the use of better insulative aerogels.  The 
characterization of the mechanical properties are also necessary to determine the 
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PCSA Irregular Geometry Samples 
 
A.1 Introduction 
 Irregular geometry PCSA RTV 655 samples were made after the PCSA powder 
samples.  The surprising rise in thermal conductivity from the PCSA powder samples and 
the issues making the initial disc samples led to these samples.  Larger aerogel pieces 
were chosen in an attempt to cover the entire surface area of the sample with aerogel.  
Aerogel supply for this study was limited to previously made large discs and the monolith 
2 block sample.  These PCSA irregular geometry samples were intended to display that 
adding larger pieces of PCSA to the RTV will lower the thermal conductivity.  These 
samples lead to the synthesis of PCSA block samples. 
A.2 Experiment Setup 
 The PCSA irregular geometry samples were measured with the Transient Plane 
Source Technique previously described in Chapter 2, Section 2.  The custom sample 
holder was also used to measure these samples.  The PCSA irregular geometry samples 
were measured at 75K, 290K and 343K. 
A.3 Sample Preparation 
  PCSA samples were made with irregular shaped geometry aerogel.  Initially, large 
diameter aerogel discs made for a previous study were used for making samples with 
target volume percentages of 25 and 50.  The large PCSA discs were broken into pieces 
to fit inside of the rectangular molds.  Prior to the thermal conductivity measurements at 
290K and 75K, an aerogel baseline sample, Monolith 2, was implanted in RTV 655 for a 
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target volume percentage of 75.  The aerogel density range for these samples was 0.519 – 
0.779 g/cm3 with a mean of 0.572 g/cm3.  These PCSA samples will be referred to as 
“implant” samples as opposed to the other “powder” or “disc” samples.  All implant 
samples are shown in Figure 3.6 and numbered according actual to volume percentage.  
The remainder of the sample making procedure was identical to that of the aerogel 
powder samples.   
 













Disc 1 7/25/11 8/9/11 2.23 3.84 0.583 
Disc 2 7/25/11 8/9/11 2.06 2.82 0.730 
Disc 3 7/25/11 8/9/11 2.26 2.90 0.779 
Monolith 2a 11/19/11 12/20/11 4.57 8.80 0.519 
Monolith 2b 11/19/11 12/20/11 4.50 8.34 0.540 
 
 
 Transient plane source data for PCSA irregular geometry samples are provided 
below in Table 3.7 according to target volume percentages.  The volume ratio for these 
samples was found by dividing the volume of the impregnated aerogel block by the total 
volume of the sample. The VP25 samples had calculated volume percentages of 25.  The 
VP50 samples required additional RTV655 to fully encapsulate the aerogel therefore the 
respective percentages were calculated to be 32 and 33.  VP75 irregular samples were not 
possible given the size of the aluminum molds and the monolithic aerogel.  The resulting 
volume percentage for these samples was 52.  There was no apparent volume reduction 





           
(a)                                             (b)                                        (c) 
Figure A.1.  Photographs of PCSA implant samples 
VP25 (a), VP32 (b) and VP52 (c) 
 




















25 0.582 1.14 6.34 1.96 5.98 25 
25 0.583 1.09 6.01 1.87 5.67 25 
50 0.730 2.06 7.04 2.82 6.02 32 
50 0.779 2.26 7.13 2.90 6.09 33 
75 0.519 4.57 9.39 8.80 8.46 51 
75 0.540 4.50 8.21 8.34 7.39 53 
 
 
A.4 Measurement Procedure 
The measurement procedure for the PCSA irregular geometry samples was the 
same as the other samples measured with the Transient Plane Source.  The measurement 




A.5 TPS Results for PCSA Implant Samples 
A.5.1 Irregular Geometry Samples at 75K 
 Thermal conductivities for the PCSA implant samples were measured at 75K and 
are shown in Table A.A.2 and Figure A.A.2.  The thermal conductivity for all of the 
implant samples was again lower than the RTV 655 sample.  The VP25 and VP32 
implant samples have mean thermal conductivities of 0.0674 ± 0.0117 W/m-K and 
0.0563 ± 0.0074 W/m-K, respectively.  As mentioned previously, the VP25 and VP32 
block samples were measured at five different orientations due the non uniform spatial 
distribution of aerogel within the sample.  The average thermal conductivity of VP52 
implant sample was 0.0600 ± 0.0033 W/m-K.  The error for the measurements of VP52 
are significantly lower than VP25 and VP32.  The implant samples all averaged thermal 
conductivity measurements between 0.0563 and 0.0674 W/m-K and did not indicate a 
discernable trend in the data.  The uncertainty of these measurements increased due to the 





Figure A.2.  TPS thermal conductivity of irregular geometry samples at 75K 
A.5.2 Irregular Geometry Samples at 290K 
The PCSA implant samples all averaged a lower thermal conductivity at room 
temperature the RTV 655 and the aerogel-RTV 655 powder samples.  The mean values 
were approximately twice that of the room temperature values for all of the samples with 
similar data trends.  The mean thermal conductivity for the VP25 implant sample was 
0.1765 ± 0.0058 W/m-K.  Thermal conductivity for the VP32 implant sample at 290K 
measured slightly higher at 0.1799 ±0.0034 W/m-K.  The higher conductivity for VP32 
compared to VP25 is most likely due to the aerogel within the sample having a much 
higher density.   The mean density for the aerogel within VP25 and VP32 was 0.583 and 
0.765 g/cm3, respectively.  Aerogels with high density have previously been shown to 































these samples; therefore, the measurements for these samples were conducted at different 
orientations to determine the error caused by the spatial distribution within the RTV 655.  
The PCSA VP52 implant sample had an average measured thermal conductivity which 
was significantly lower than the other implant samples at 0.0982 ± 0.0041 W/m-K.  This 
was expected, as VP52 featured the highest concentration and the lowest density aerogel 
in the sample.  Again, in contrast to the room temperature measurements of the powder 
samples, the implant samples all had thermal conductivities lower than the RTV 655. 
Figure A.3.  TPS thermal conductivity of irregular geometry samples at 290K 
 
A.5.3 Irregular Geometry Samples at 343K 
The mean thermal conductivities for all of the PCSA implant samples were again 
lower than the RTV 655 sample.  All of the PCSA implant samples showed volume 


































discoloration was apparent.  The VP25 and VP32 irregular geometry samples had mean 
thermal conductivities at 343K of 0.1839 ± 0.0046 W/m-K and 0.1837 ± 0.0087 W/m-K, 
respectively.  Again, both of these samples were measured at different orientations due to 
the non-uniform aerogel distribution.  The mean thermal conductivity for VP52 sample 
was 0.1604 ± 0.0053 W/m-K.  All of the PCSA irregular geometry samples had thermal 
conductivities lower than that of the RTV 655 at 343K.   A trend in the thermal 
conductivities of all of the implant samples at 343K was also not apparent with more data 
needed.  VR52 sample was the only irregular geometry sample with a significantly lower 
thermal conductivity than the RTV 655 sample.  
 
 














































VP25 0.0674 0.0117 0.1765 0.0058 0.1839 0.0046 
VP32 0.0563 0.0074 0.1799 0.0034 0.1837 0.0087 
VP52 0.0600 0.0033 0.0982 0.0041 0.1604 0.0053 
 
A.6 Summary 
 The samples of aerogel-RTV 655 implanted with irregular geometry aerogel pieces 
showed considerably more promise than the previous disc or powder samples with 
respect to the thermal properties of the compound.  These samples all have a lower 
thermal conductivity than the RTV 655 baseline sample.  While the literature suggested 
that the thermal conductivity should decrease as a larger volume ratios of aerogel 
implants are used, this trend was not conclusive in the experiment data.  Measurements of 
VR25 and VR32 implant samples were not statistically different over the experiment 
temperature range, despite the difference in aerogel volume ratio.  This was most likely 
due to the effects of density on the thermal conductivity of the aerogel and is shown in 
the Monolith1 and Monolith 2 room temperature measurements.  Regardless of aerogel 
density variations, it has been shown over the temperature range of this experiment that 
implanting large aerogel pieces into RTV 655 can lower the thermal conductivity as 
predicted.  For all samples, the thermally conductivity decreases with a decrease in 
temperature.  Again, all of the irregular geometry aerogel samples experienced noticeable 

















THERM TEST “HOW TO” 
1. Turn on Computer and Therm Test TPS 1500 unit and wait 15 minutes for the 
unit to heat up. 
2. Open “Hot Disk Thermal Constants Analyzer” software on the desktop. 
3. Select ISENTROPIC measurement technique. 
4. Load sample in holder and place holder in environmental chamber/ cryostat. 
5. Wait for sample to reach equilibrium temperature.  This time will vary 
depending on material.   
6. Click on SAMPLE tab and fill in sample name and available probing depth. 
7. Click on TEST tab.  Select temperature and sensor type to match that of the 
experiment. 
8. Fill in heating power and measurement time according to the values listed in 























80 0.005 – 
0.01 
320 0.01 320 
PCSA 
Monolith 
0.005 80 0.005 320 0.0025 160 
Pink 
Foam 
0.0025 160 0.005 640 0.005 640 
SS-304 
 




9. Click on “Start Single” button. 
10.  Confirm measurement settings and click “Okay”. 
11.  Wait for measurement to finish. 
12.  Check the “Drift” graph to verify the sample is at equilibrium.  If there is a 
noticeable slope on the graph, wait 10 minutes and run the measurement again. 
13.   Click on the Calculate button and select parameters for the conductivity 
calculation.  15- 200 is a good data range to start with. 
14.  Modify the data range to achieve acceptable values for %T and %t.    (Note: 1 < 
%T < 4K; 0.333 < %t < 1 sec) 





MEASUREMENT DATA FOR ALL SAMPLES AT EACH TEMPERATURE 
 
 
Table D.3.  SSHS measurements of disc samples at 320K. 
Sample 1 2 3 Mean Std. Dev. 
RTV-655 0.152 0.188 0.171 0.170 0.015 
VP2.6 0.173 0.148 0.155 0.159 0.011 
VP4.4 0.143 0.199 0.179 0.174 0.023 
VP6.6 0.170 0.184 0.165 0.173 0.008 
VP9.1 0.169 0.136 0.107 0.137 0.025 
 
 
Table D.4.  SSHS measurements of disc samples at 340K. 
Sample 1 2 3 Mean Std. Dev. 
RTV-655 0.153 0.187 0.166 0.169 0.014 
VP2.6 0.148 0.146 0.155 0.150 0.004 
VP4.4 0.132 0.201 0.179 0.171 0.029 
VP6.6 0.166 0.176 0.176 0.173 0.005 
VP9.1 0.152 0.133 0.105 0.130 0.019 
 
 
Table D.5.  SSHS measurements of disc samples at 360K. 
Sample 1 2 3 Mean Std. Dev. 
RTV-655 0.149 0.178 0.168 0.165 0.012 
VP2.6 0.149 0.146 0.156 0.150 0.004 
VP4.4 0.145 0.204 0.157 0.169 0.025 
VP6.6 0.173 0.174 0.172 0.173 0.001 










Table D.6.  SSHS measurements of disc samples at 380K. 
Sample 1 2 3 Mean Std. Dev. 
RTV-655 0.150 0.184 0.173 0.169 0.014 
VP2.6 0.153 0.160 0.177 0.163 0.010 
VP4.4 0.120 0.205 0.143 0.156 0.036 
VP6.6 0.180 0.176 0.180 0.179 0.002 
VP9.1 0.159 0.182 0.144 0.162 0.016 
 
 
Table D.7.  SSHS measurements of disc samples at 400K. 
Sample 1 2 3 Mean Std. Dev. 
RTV-655 0.169 0.195 0.193 0.186 0.012 
VP2.6 0.150 0.165 0.182 0.166 0.013 
VP4.4 0.132 0.221 0.146 0.166 0.039 
VP6.6 0.204 0.196 0.198 0.199 0.003 
VP9.1 0.159 0.182 0.144 0.162 0.016 
 
 













A 0.162 0.151 0.150 0.150 0.159 
B 0.156 0.166 0.149 0.151 0.164 
C 0.210 0.201 0.189 0.196 0.203 
















































































































































































































































































































































































































al conductivity results at 343K
 (W
/m
-K
). 
Sam
ple 
1 
2 
3 
4 
5 
M
ean 
Std. D
ev 
E
rror 
 
B
aseline Sam
ples 
 
R
TV
-655 
0.189 
0.189 
0.189 
0.189 
0.189 
0.189 
0.0002 
0.0002 
M
onolith 1 
0.216 
0.210 
0.209 
0.220 
0.219 
0.215 
0.0044 
0.0038 
 
Pow
der Sam
ples 
 
V
P28 
0.208 
0.208 
0.189 
0.205 
0.204 
0.203 
0.0071 
0.0062 
V
P57 
0.182 
0.194 
0.183 
0.180 
0.181 
0.184 
0.0052 
0.0046 
V
P62 
0.234 
0.236 
0.219 
0.215 
0.214 
0.224 
0.0094 
0.0083 
 
Irregular G
eom
etry Sam
ples 
 
V
P25 
0.182 
0.194 
0.183 
0.180 
0.181 
0.184 
0.0052 
0.0046 
V
P32 
0.234 
0.236 
0.219 
0.215 
0.214 
0.224 
0.0094 
0.0083 
V
P52 
0.167 
0.158 
0.171 
0.151 
0.156 
0.1604 
0.0074 
0.0065 
 
V
alidation Sam
ples 
 
SS-304 
16.97 
16.82 
16.66 
16.77 
16.89 
16.82 
0.1053 
0.0923 
Pink Foam
 
0.031 
0.031 
0.031 
0.031 
0.030 
0.031 
0.0003 
0.0003 
 
